We investigate the problem of free convection heat transfer near an isothermal stretching sheet. This has been done under the simultaneous action of buoyancy, radiation, and transverse magnetic field. The governing equations are solved by the shooting method. The velocity and temperature functions are represented graphically for various values of the flow parameters: radiation parameter F, free convection parameter Gr, magnetic parameter M, Prandtl number Pr, and the parameter of relative difference between the temperature of the sheet, and the temperature far away from the sheet r. The effects of the radiation and magnetic field parameters on the shear stress and heat flux are discussed.
Introduction
The study of the boundary layer behaviour on continuous surfaces is important because the analysis of such flows finds applications in different areas such as the aerodynamic extrusion of a plastic sheet, the cooling of a metallic plate in a cooling bath, the boundary layer along material handling conveyers, and the boundary layer along a liquid film in condensation processes. As examples on stretched sheets, many metallurgical processes involve the cooling of continuous strips or filaments by drawing them through a quiescent fluid and that in the process of drawing, when these strips are stretched.
Sakiadis [7] , first presented boundary layer flow over a continuous solid surface moving with constant speed. Erickson et al. [4] extended Sakiadis' problem to include blowing or suction at the moving surface and investigated its effects on the heat and mass transfer in the boundary layer. Danberg and Fansber [2] investigated the nonsimilar solution for the flow in the boundary layer past a wall that is stretched with a velocity proportional to the distance along the wall. P. S. Gupta and A. S. Gupta [5] studied the heat and mass transfer corresponding to the similarity solution for the boundary layer over an isothermal stretching sheet subject to blowing or suction. Chen and Char [1] investigated the effects of variable surface temperature and variable surface heat flux on the heat transfer characteristics of a linearly stretching sheet subject to blowing or suction. Vajravelu and Hadyinicolaou [9] studied the convective heat transfer in an electrically conducting fluid near an isothermal stretching sheet and they studied the effect of internal heat generation or absorption. Recently, Elbashbeshy [3] investigated heat transfer over a stretching surface with variable and uniform surface heat flux subject to injection and suction.
All the above investigations are restricted to MHD flow and heat transfer problems. However, of late, the radiation effect on MHD flow and heat transfer problems have become more important industrially. At high operating temperature, radiation effect can be quite significant. Many processes in engineering areas occur at high temperatures and a knowledge of radiation heat transfer becomes very important for the design of the pertinent equipment. Nuclear power plants, gas turbines and the various propulsion devices for aircraft, missiles, satellites, and space vehicles are examples of such engineering areas. Takhar et al. [8] studied the radiation effects on MHD free convection flow for a non gray-gas past a semi-infinite vertical plate.
In this paper, we propose investigating the radiation effect on steady free convection flow near isothermal stretching sheet in the presence of a magnetic field. The resulting coupled nonlinear ordinary differential equations are solved by shooting methods. A solution for the velocity and temperature functions are obtained. The shear stress and heat flux have been computed.
Analysis
Here we consider the flow of an electrically conducting fluid, adjacent to a vertical sheet coinciding with the plane y = 0, where the flow is confined to y > 0. Two equal and opposite forces are introduced along the x-axis (see Figure 2 .1), so that the sheet is stretched keeping the origin fixed. A uniform magnetic field of strength B 0 is imposed along the yaxis. The fluid is considered to be a gray, absorbing emitting radiation but non-scattering medium and the Rosseland approximation Under the usual boundary layer approximation, the flow and heat transfer in the presence of radiation are governed by the following equations:
where u and v are the velocity components in the x and y-directions, respectively, T is the temperature, g is the acceleration due to gravity, ν is the fluid kinematics viscosity, ρ is the density, σ is the electric conductivity, β is the coefficient of thermal expansion, k is the thermal conductivity, c p is the specific heat at constant pressure, and q r is the radiative heat flux. The boundary conditions of the problem are
where c > 0, T w is the constant temperature of sheet, T ∞ is the temperature far away from the sheet, and u ∞ is the free stream velocity. By using the Rosseland approximation [6] , we have
where σ * is the Stefan-Boltzmann constant and k * is the mean absorption coefficient. By using (2.5), the energy equation
Introducing the following nondimensional parameters:
7)
we can obtain the governing equation in dimensionless form as (with dropping the bars)
9)
with the boundary conditions
10)
∞ is the radiation parameter, µ = ρν is the viscosity of the fluid, and r = (T w − T ∞ )/T ∞ is the relative difference between the temperature of the sheet and the temperature far away from the sheet.
Introducing the stream function Ψ defined in the usual way and the boundary conditions (2.10) become
Introducing,
14)
in (2.12) and equating coefficients of x 0 and x 1 , we obtain the coupled nonlinear ordinary differential equations
The primes above indicate differentiation with respect to y only. The boundary conditions (2.13) in view of (2.14) is reduced to
18) The physical quantities interested in this problem are the skin friction coefficient and the Nusselt number which are defined by Using (2.14), the quantities in (2.19) can be expressed as
The effect of the parameters F, Gr, M, and Pr, on the functions f , g , and θ at the plate surface is tabulated in Table 2 .1 for r = 0.05.
Numerical procedure
The shooting method for linear equations is based on replacing the boundary value problem by two initial value problems, and the solution of the boundary value problem is a linear combination between the solutions of the two initial value problems. The shooting method for the nonlinear boundary value problem is similar to the linear case, except that the solution of the nonlinear problem cannot be simply expressed as a linear combination between the solutions of the two initial value problems. Instead, we need to use a sequence of suitable initial values for the derivatives such that the tolerance at the end point of the range is very small. These sequences of initial values are given by the secant method. The numerical computations have been done by the symbolic computation software Mathematica. The fourth-order RungeKutta method is used to solve the initial value problems. The number of grid points is 1000 and a value of y max , the edge of the boundary layer, ranging from 10 to 15. The numerical approach is carried out in two stages. Equation (2.16) has to be solved by the nonlinear shooting method to obtain g. Hence, equations (2.15) and (2.17) reduce to a system of linear equations with variable coefficients which could be solved by the linear shooting method to obtain f and θ. The functions f , g , and θ are shown in Figures 3.1,  3.2, and 3 
Results and discussion
The system of differential equations (2.15), (2.16), and (2.17) governed by the boundary condition (2.18) was solved numerically by using the shooting method. It is observed here that radiation does affect the velocity and temperature field of free convection flow of an electrically conducting fluid near isothermal stretching sheets in the presence of a transverse magnetic field. Velocity components f and g as well as the temperature θ distribution are presented in Figures 3.1, 3 .2, and 3.3 for various values of radiation parameter, magnetic field parameter, Prandtl number, and Grashof number. Figure 3 .1 shows the variation of f for several sets of values of the dimensionless parameters F, Pr, Gr, r, and M. Moreover, Figure 3 .1 shows that f decreases with increasing the radiation parameter F and Prandtl number Pr. It is seen, as expected, that f decreases with increasing the magnetic field parameter M. As M increases, the Lorentz force, which opposes the flow, also increases and leads to enchanted deceleration of the flow. This result qualitatively agrees with the expectations, since the magnetic field exerts a retarding force on the free convection flow. However, f increases with an increase in Grashof number Gr and the parameter of relative difference between the temperature of the sheet and the temperature far away from the sheet r. radiation parameter F increases. This result qualitatively agrees with expectations, since the effect of radiation is to decrease the rate of energy transport to the fluid, thereby decreasing the temperature of the fluid. It is also observed that the temperature decreases with an increase in the Prandtl number Pr. This is in agreement with the physical fact that the thermal boundary layer thickness decreases with increasing Pr. In Table 2 .1, the given numbers between brackets refer to the exact values and the given numbers without brackets refer to the approximated values. Vajravelu and Hadyinicolaou [9] have obtained for g (0) (M = 0.01) the value of −1.0025, while our result is −1.00398 and the exact value is −1.00499. Therefore, the present results are in satisfactory agreement with the exact values.
